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ABSTRACT: 



PURPOSE: To improve reliability and manufacturing yield by 
forming a silicon 

oxide film on a substrate or an epitaxial layer, forming a silicon 
oxynitride 

(SiO<SB>x</SB>N<SB>y</SB>) film thereon, and forming, on 
the film, an electrode 

for bonding composed of a material having high adhesion to a 
silicon nitride 
(SiN) film. 

CONSTITUTION: A chip 10 is formed by using, e.g., GaAs. 
On the chip 1 0, a 

film composed of a material having superior adhesion to a 
material to form the 

chip 10, e.g., silicon oxide (SiO<SB>2</SB>) film 8 is formed. 
Further, 

thereon, a thin film 1 1 is formed which is constituted of a material 
(SiO<SB>x</SB>N<SB>y</SB>) having intermediate properties 
between the silicon 

oxide film and the silicon nitride film. An electrode pad 1 2 is 
constituted on 

the thin film 1 1 . The material of the electrode pad 12 may be 
conductor and is 

not limitted in metal. The thin film 1 1 has similar properties to 
the silicon 

nitride film having superior adhesion to a material to form the 
electrode, 

e.g., metal, so that the interfacial exfoliation of the electrode pad 

12 can be 

prevented. 
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SPECIFICATION 

1. Title of the Invention 

SEMICONDUCTOR DEVICE 

2 . Claims 

1. A semiconductor device comprised of a substrate made of a material 
that adheres well to a silicon oxide film (Si0 2 ) or a semiconductor device 
comprised of an epitaxial layer formed on said substrate 

characterized by: forming a silicon oxide film on the substrate or 
epitaxial layer; 

forming a silicon oxy-nitride (SiO x N y ) film on said silicon oxide 

film; 

and forming a bonding electrode that is made of a material that adheres 
well to a silicon nitride film (SiN) on said silicon oxy-nitride film. 

2 . A semiconductor device comprised of a substrate made of a material 
that adheres well to a silicon oxide film (Si0 2 ) or a semiconductor device 
comprised of an epitaxial layer formed on said substrate 

characterized by: forming a silicon oxy-nitride film on said 
substrate or said epitaxial layer; 

forming a silicon nitride film (SiN) on said silicon oxy-nitride 

film; 

and forming a bonding electrode that is made of a material that adheres 
well to a silicon nitride film on said silicon nitride film. 

3 . Detailed Explanation of the Invention 
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[Field of Industrial Application] 

This invention pertains to semiconductor devices comprised of 
substrates made up of materials that have high adhesion with silicon oxide 
films or to semiconductor devices comprised of epitaxial layers formed 
on said substrates . 
[Related Art] 

As methods for connecting an electrode of a chip and an electrode 
of a package, there are wire-bonding techniques. These wire-bonding 
techniques are divided into thermocompression techniques and ultrasonic 
techniques. 

According to a thermocompression technique, as shown in Figure 3, 
the clean surfaces of both metal pieces are pressured so that they contact 
each other at a temperature lower than the melting point of the metal 
and become joined by means of the diffusion of metal without being melted. 
After the chip [1] , package [2] , or a metal wire [3] is heated to about 
300°C / the metal wire [3] (Au wire) is pressured so that it contacts and' 
is joined with an Al pad [4] of the chip [1] and an Au or Ag plating layer 
or a thick Au-Pd film that makes up an electrode pad [5] of the package. 

According to an ultrasonic technique, as shown in Figure 4, ultrasonic 
vibration is transmitted to a metal wire [6] (A* wire) that will be connected, 

and the friction between the A* pad [4] on the chip [1] and the metal wire 
[6] removes the oxide film on the A^ surface and connects the pad and the 
wire. After that, the frictional heat generated between the metal wire 
[6] and the bonding tool makes the connection even stronger. In this method, 
the Al wire is bonded at normal temperature, and therefore, there is no 
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thermal effect at the time of bonding unlike in the thermocompression 
technique. Moreover, since the connection is between At and AO no 
intermetallic compound, etc, that is low in strength will be generated. 
Therefore, it is a highly reliable connecting method. 

In either method, a metal (AO pad [4] is provided on the chip [1] , 
which is comprised of a semiconductor, as an electrode for wire bonding, 
and metal wires, [3] and [6] , are connected to this metal (AO pad [4] . 
[Problems that the Invention is to Solve] 

However, since a semiconductor and a metal generally have poor 
adhesiveness with each other, a thin film that has high adhesiveness with 
both of them must be disposed between them. 

Figure 5 shows the structure of a conventional semiconductor device, 
(a) of the same figure shows a structure in which a metal pad [4] is provided 
directly onto a chip [1] comprised of a GaAs substrate. In this case, 
there are problems in that the stress applied during wire bonding may 
separate the boundary between the chip [1] and the metal pad [4] or may 
damage the chip [1] and separate the metal pad [4] . 

For this reason, in (b) of the same figure, a silicon oxide film 
(Si0 2 ) that adheres well to GaAs or a silicon nitride film (SiN) [7] that 
adheres well with metal is formed on the chip [1] , and a metal pad [4] 
is formed on the film. However, when a silicon oxide film is utilized, 
an adhesion failure occurs between the silicon oxide film and metal, and 
when a silicon nitride film is utilized, an adhesion failure occurs between 
the silicon nitride film and GaAs. Therefore, boundary separation occurs. 
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In light of this, there is a structure in which, as shown in Figure 
5(c), a two-layer structure consisting of a silicon oxide film [8] and 
a silicon nitride film [9] is formed on the chip [1] and in which a metal 
pad [4] is provided on the two- layer structure- In this case, although 
the boundary separation can be suppressed, the process becomes complex, 
and a large stress of the silicon nitride film [9] fluctuates the electric 
characteristics of the chip [1] . In this manner, due to boundary separation 
or complex processing, the conventional technique had shortcomings of 
poor reliability and production yields. 

Therefore, the purpose of this invention is to improve reliability 
and production yields. 
[Means for Solving the Problems] 

In order to achieve the above purpose, this invention is a 
semiconductor device comprised of a substrate made of a material that 
adheres well to a silicon oxide film or is a semiconductor device comprised 
of an epitaxial layer formed on said substrate, and it is characterized 
by forming a silicon oxide film on the substrate or epitaxial layer, forming 
a silicon oxy-nitride (SiO x N y ) film on the silicon oxide film, and forming 
a bonding electrode that is made of a material that adheres well with 
a silicon nitride film on the silicon oxy-nitride film. 

Moreover, this invention is a semiconductor device comprised of a 
substrate made of a material that adheres well to a silicon oxide film 
or is a semiconductor device comprised of an epitaxial layer formed on 
said substrate, and it is characterized by forming a silicon oxy-nitride 
film on the substrate or epitaxial layer, forming a silicon nitride film 
on the silicon oxy-nitride film, and forming a bonding electrode that 
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is made of a material that adheres well to a silicon nitride film on the 
silicon nitride film. 
[Operation of the Invention] 

Due to the following structure of this invention, it is possible 
to prevent boundary separation between the chip and the metal pad. 
[Working Examples] 

In the following, semiconductor devices of working examples of this 
invention will be explained based on the attached drawings. In the 
explanation, the same reference numerals are assigned to identical 
components, and overlapping explanations will be omitted. 

Figure 1 illustrates the semiconductor device of the first working 
example of this invention. The chip [10] is made of, for example, GaAs . 
This chip [10] has formed on it a material, such as a silicon oxide film 
(Si0 2 ) [8] , that adheres well to the material (GaAs) making up the chip 
[10] . Moreover, this silicon oxide film [8] has formed on it a thin film 
[11] that consists of a material (SiO x N y ) having intermediate properties 
between a silicon oxide film and silicon nitride film. On this thin film 
[11] , an electrode pad [12] is provided. This electrode pad [12] only 
needs to be a conductive body and is not limited to metals. Since this 
thin film [11] has properties that are similar to those of a silicon nitride 
film, which adheres well to the material, such as metal, that makes up 
the electrode, boundary separation of the electrode pad [2] can be 
prevented. Therefore, it is possible to secure sufficiently strong 
adhesion with the chip [10] and also to prevent boundary separation from 
the electrode pad [12] . 

Figure 2 illustrates a semiconductor device that pertains to a second 
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working example of this invention. The chip [10] is made up of, for example, 
GaAs . This chip [10] has formed on it a thin film [11] that is made up 
of a material (SiO x N y ) that has intermediate properties between a silicon 
oxide film and a silicon nitride film. Moreover, this thin film [11] has 
formed on it a silicon nitride film [9] , which adheres well to the metal 
that makes up the electrode. On this silicon nitride film [9] , an electrode 
pad [12] is provided. Since the above-described thin film [11] has 
properties that are similar to those of a silicon oxide film, which adheres 
well to the semiconductor (GaAs) that makes up the substrate,, boundary 
separation from the chip [10] can be prevented. Therefore, it is possible 
to secure sufficiently strong adhesion with the chip [10] and also to 
prevent boundary separation of the electrode pad [12] . 

When utilizing SiO x N y with a GaAs substrate as in these working 
examples, the properties of the thin film can be made to be more similar 
to those of a Si0 2 film or a SiN film by varying the composition ratios 
of SiO x N y , and the strength of the adhesion can therefore be controlled 
even if the substrate material or electrode material is changed. 

Although the material of the chip is a GaAs substrate in these working 
examples, it is not particularly limited to GaAs. The important thing 
is that the semiconductor device be structured by providing a material 
that has intermediate adhesion properties of the semiconductor that makes 
up the substrate and of the metal that makes up the electrode between 
the substrate and the electrode. Therefore, the substrate material may 
be silicon (Si), indium phosphorus (InP), etc. Even in such cases, 
sufficient adhesion strength can be secured by utilizing SiO x N y . 

Moreover, equivalent effects can be obtained by instead providing 
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SiO x N y on an epitaxial layer (AteaAs layer) grown on a substrate (GaAs) . 

Moreover, the bonding electrode is a single -layer metal in the 
explanations, but it is not limited to this. For example, it may be a 
multi-layer metal containing titanium (Ti) , platinum (Pt) , and gold (Au) . 
In this case, Au is used for the wiring electrode, and Ti is utilized 
in order to strengthen the adhesion with SiO x N y . Pt is utilized to prevent 
reactions between Au and Ti . By using a Ti-Pt-Au multilayer wiring 
structure in this manner, elect romigrat ion becomes increased. 

Other than the above-described materials, materials such as tungsten 
silicide may also be utilized. 
[Effects' of the Invention] 

Due to the structure explained earlier, this invention can prevent 
boundary separation between the electrode and substrate and improve the 
reliabilities and production yields of the semiconductor devices. 

In particular, by changing the composition ratios of the thin film 
(e.g. SiO x Ny film) , the strength of adhesion between each type of insulating 
film and the electrode can be controlled, and the degree of stress can 
also be controlled. 

4. Brief Explanation of the Drawings 

Figure 1 is a drawing showing the basic structure of the semiconductor 
device of the first working example of this invention. Figure 2 is a drawing 
showing the basic structure of the semiconductor device of the second 
working example of this invention. Figure 3 and Figure 4 are drawings 
for explaining wire bonding techniques. Figure 5 is a drawing showing 
the basic structure of a conventional technique. 
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[I] , [10] = chip 
[2] = package 

[3] , [6] = metal wire 

[4] = A* pad 

[5] = electrode pad 

[7] = silicon oxide film or silicon nitride film 
[8] = silicon oxide film 
[9] = silicon nitride film 

[II] = thin film 

[12] = electrode pad 




Semiconductor Device (Second Working Example) 

(First Working Example) Figure 2 

Figure 1 




(Thermocompression Method) (Ultrasonic Bonding Method) 
Figure 3 Figure 4 



r— U, 



(b) 




Conventional Technique 
Figure 5 
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